The three simulation systems were hydrated by means of a TIP3P water, 7 and four K + counterions were added to neutralize the total charge. The size of the final systems was approximately ~130 Å x ~103 Å x ~106 Å, with ~38,800 water molecules, resulting in a total number of ~135,000 atoms for each system. In the simulations, all the atoms of the COX-1 protein in complex with the AA, FLP and ARN2508, and water atoms were represented explicitly.
Molecular dynamics (MD) simulations.
The all-atom AMBER/parm99 8 force field was adopted for the COX-1 protein, whereas the AA, FLP and ARN2508 molecules were treated with the General Amber Force Field (GAFF) 9 and the atomic charges were derived by the RESP fitting procedure. 10 Parameters for the COX-1 high-spin ferric (Fe 3+ ) HEME have been taken from Fernandez-Alberti et al. 11 The SHAKE 12 algorithm was used for all the covalent bonds that contain an H atom, thus allowing a timestep of 2 fs for the integration of the equations of motion. All simulations were performed by using the NAMD 2.9 package.
11,13
Periodic boundary conditions were applied and the Particle-Mesh Ewald method was used to evaluate long-range electrostatic interactions with a direct cutoff of 10 Å. The simulations were performed with deprotonated AA, FLP and ARN2508, as assumed at physiological pH (~7.4). Standard protonation states were maintained for the protein residues. All the simulations were carried out with the following protocol. First, the systems were optimized and thermalized up to 300 K in the NVT ensemble using a Langevin bath, 14 in three consecutive steps: (1) the solvent was first equilibrated, slowly increasing the temperature from 0 to 100 K and maintaining the protein fixed, (2) the temperature was further increased up to 200 K while keeping fixed only the coordinates of backbone atoms of the protein, (3) constraints were released and the systems were simulated to reach the temperature of 300 K. Subsequently, ~100 ns of MD were performed for each system in the NPT ensemble in standard condition using a Langevin Piston. Coordinates of the systems were collected every 2 ps, for a total of ~50,000 frames for each run. Statistics was accumulated during the last ~98 ns of each run. The structural analysis here reported is obtained using data from the two COX-1 monomers that form each complex, considered as independent, for a total of ~100,000 structures for each complex.
Binding free energy calculations. Binding free energies for the three ligands in the COX-1 protein were estimated by combining the Thermodynamic Cycle and MD simulations. This is a post-processing method in which representative snapshots from the ensemble of conformations are used to calculate the free energy change between two states (i.e., the bound and free state of the COX-1 protein and the ligands). The free energy is calculated by decomposing the contributions coming from the solvation energy from the reactants and products and from the binding free energy in vacuo. The MM/GB-PBSA (Molecular Mechanics/Generalized Born -Poisson Boltzmann Surface Area) [15] [16] [17] method implemented in the Amber 12 package 18 was used. This method has been shown to be an efficient computational approach for the estimation of the binding affinities in several protein/ligand complexes.
19,20 Accordingly, the ΔG Bind-GB/PB between a protein and a ligand to form a protein/ligand complex can be calculated as in eq [1] .
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ΔG Sol = ΔG SA + ΔG GB-PB [3] where ΔE MM is the total gas phase energy, given by the sum of ΔE internal , ΔE electrostatic , ΔE vdW . ΔE internal is the internal energy arising from bond, angle and dihedral terms in the MM force field. ΔE electrostatic and ΔE vdW are the electrostatic and van der Waals contributions as calculated by the MM force field. ΔG Sol is the sum of the nonpolar (ΔG NP ) and polar (ΔG GB-PB ) contributions to the solvation free energy. ΔG GB-PB is computed in continuum solvent, using the Poisson-Boltzmann model. ΔG SA can be derived from the solvent-accessible surface area (SA). The last term in eq [1] (TΔS) is the conformational entropy upon binding computed by normal-mode analysis.
For the MM/GB-PBSA calculations, 5000 equally spaced snapshots of each of the COX-1/ligand complexes were extracted from the equilibrated MD trajectories (i.e., the last ~98 ns). In order to get uncorrelated structures, we extracted one snapshot every ~20 ps from all the six ~98 ns trajectories. All water molecules and counterions were removed before MM/GB-PBSA calculations. The dielectric constants ε = 1 and ε = 80 were used to reproduce the in vacuo and in solvent conditions, respectfully.
Analysis of structural data. We took the root-mean-square-deviation (RMSD) as stability parameter, after the equilibration time, with respect to the 1DIY crystal structure (Figures S1A). 1 After an transient period of ~2 ns, the RMSD for the all atoms of the protein settled at 3.28 ± 0.09 Å, 3.06 ± 0. During the equilibrium trajectories of the simulated systems, the interactions between the three ligands and the protein residues have been characterized by calculating the statistical distribution of the direct interactions (i.e., H-bonds and Hydrophobic contacts) between the AA, FLP and ARN2508 ligands and the COX-1 residues that in the 1DIY X-ray structure are in close contact to the natural AA substrate. In detail, the hydrogen bonds contacts between the COX-1 active site residues and the ligands were defined using cutoff values of 3.0 Å for acceptor−donor distance and 130° for acceptor−donor angle. Hydrophobic contacts were counted when nonpolar atoms were separated by at most 4.0 Å. The interaction network established the AA moieties in the X-ray structure has been taken as a reference for the analysis of the ligands binding, by defining the carboxyl, C 2 -C 11 , C 12 -C 13 and C 14 -C 20 interaction regions (Figure 4 , main text of this paper). Table S1 reports the full data. Due to the reproducibility of the results in both monomers, statistics was accumulated for the aggregate monomers on a total of sampling time of 200 ns (i.e., 200,000 frames) for each system. 24 The grid for the docking of ARN2508 was centered at the active site center level, while the maximum size of the docked ligands was set to 36 Å. For each docking calculation, we considered a maximum of 100 poses. 
